The Ki-67 LI was measured in surgical specimens. Mean minADC and Ki-67 LI showed significant differences among PCs, PPTIDs and PBs, and minADC was negatively correlated with Ki-67 LI. It is concluded that the minADC of PPTs provide useful additional information when predicting tumour grading.
Introduction
Tumours of the pineal region account for < 1% of all intracranial neoplasms, approximately 14 -27% of which are of pineal parenchymal origin, including pineocytomas (PC; World Health Organization [WHO] grade I), pineal parenchymal tumours of intermediate differentiation (PPTID; WHO grade II or III) and pineoblastomas (PB; WHO grade IV). 1 The location of these rare tumours is important, as the dorsal portions of the midbrain are compressed; patients may present with obstructive hydrocephalus and/or focal neurology. 2, 3 Accurate grading of tumours is extremely important because different grades differ in biological behaviour and prognosis and this influences the choice of therapeutic approach.
The labelling index (LI) for the nuclear protein Ki-67 is an immunohistochemical indicator of tumour proliferation 4,5 and shows L Zhu, G Ren, K Li et al.
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good correlation with histological alignment, neuronal differentiation and seeding potential. 6 High tumour cellularity has been associated with increased proliferative activity, as assessed with the Ki-67 LI. 4 Diffusion-weighted imaging (DWI) has been studied in clinical situations that include the detection of ischaemic stroke, differential diagnosis and the assessment of tumour grade. 7 -15 Several investigators have found an inverse correlation between the apparent diffusion coefficient (ADC) and tumour cellularity. 7,12,16 -19 Some authors have reported that minimum ADC (minADC) values are negatively correlated with Ki-67 LI and related to tumour prognosis. 20, 21 To our knowledge, there has been no report on the assessment of ADC as a predictor of pineal parenchymal tumour grade. The purpose of the present retrospective study was to determine whether DWI may be useful for the grading of pineal parenchymal tumours by using ADC values together with histological findings and the Ki-67 LI.
Patients and methods

PATIENTS
This retrospective study included consecutive patients with pineal parenchymal tumours who were treated at Huashan Hospital, Fudan University, China, between January 2005 and December 2010. Patients with pathologically confirmed pineal parenchymal tumours and who had available magnetic resonance imaging (MRI) data were eligible for inclusion in the study.
The study was approved by the Ethics Committee of Huashan Hospital and, because DWI scans are routinely performed in clinical practice at this institution on patients with pineal parenchymal tumours, informed patient consent was not required.
MRI AND DATA ANALYSIS
All MRI studies were performed with a 1.5 T system (Signa ® EXCITE™ HD; GE Healthcare, Milwaukee, WI, USA) using a conventional quadrature head coil. Unenhanced and contrast-enhanced transverse and sagittal T1-weighted imaging, unenhanced transverse T2-weighted imaging, fluidattenuated inversion recovery (FLAIR) imaging and diffusion-weighted images were obtained during the same imaging session without repositioning the patient's head.
The DWI scans were performed using fatsuppressed spin-echo echoplanar imaging (repetition time 4800 ms; echo time 79.5 ms; number of excitations 2; field of view 24 × 24 cm; matrix size 128 × 128; section thickness 6 mm; section gap 2 mm) with three orthogonal directional motion-probing gradients (b = 1000 s/mm 2 ) and without motion-probing gradients (b = 0 s/mm 2 ). ADC maps were calculated from isotropic DWI using FuncTool software, version AW 4.3 on a Sun GE AW 4.3 workstation (both from GE Healthcare).
Several continuous round or nearly round regions of interest (approximate area 30 mm 2 ) were carefully placed manually on each slice of the ADC maps of the tumours, avoiding cystic, necrotic, haemorrhagic and calcified areas based on conventional MRI. About 10 -20 regions of interest were placed in each case and the lowest ADC value was selected as the minADC value of the tumour. Two senior neuroradiologists blinded to the pathological diagnosis compared the ADC maps and conventional MRIs by means of consensus.
SURGERY AND PATHOLOGICAL EVALUATION
All patients underwent surgery 3 -7 days after MRI. The maximum amount of tumour was removed that was consistent with L Zhu, G Ren, K Li et al. Prediction of pineal parenchymal tumour grade minimal neurological, physical and systemic damage.
Pathological diagnosis was determined according to WHO criteria 1 by two neuropathologists. Histological samples and immunohistochemistry tissue sections stained for Ki-67 protein were evaluated. After a general survey of microscopic fields, a single field with the highest number of Ki-67labelled cells was selected for each patient and the percentage of Ki-67-labelled cells (the Ki-67 LI) was calculated after examining > 1000 tumour nuclei at × 400 magnification.
STATISTICAL ANALYSIS
The means ± SD of the data were calculated and statistical analyses were performed using the SPSS ® statistical package, version 13.0 (SPSS Inc. Chicago, IL, USA) for Windows ® . Patient ages and Ki-67 LIs of the different tumour grades (PC, PPTID and PB) were analysed by one-way analysis of variance (ANOVA) and multiple comparison with Dunnett's T3 test because of variance non-homogeneity. The minADC values for the different tumour grades were analysed by one-way ANOVA followed by multiple comparison with the least significant difference test. The Spearman's rank correlation coefficient was used to analyse the relationship between minADC values and tumour grade and between Ki-67 LI and tumour grade, and the Pearson's correlation coefficient was used to analyse the relationship between minADC value and Ki-67 LI. A P-value < 0.05 was considered to be statistically significant.
Results
The study included 26 consecutive patients with pineal parenchymal tumours (14 males, 12 females; age range 5 -59 years; mean ± SD age 27.7 ± 17.9 years), providing pathological data on 10 PCs, seven PPTIDs and nine PBs. Representative examples of the imaging and histopathological data are provided in Fig. 1 . Table 1 compares the patients' ages, minADC values and Ki-67 LIs for the different grades of pineal parenchymal tumours (PC, PPTID and PB).
Age differed significantly among patients with PC, PPTID and PB (P < 0.01), being significantly lower in patients with PB (mean ± SD 13.2 ± 5.9 years) than in those with PC (39.7 ± 15.0 years) (P < 0.01). PPTIDs did not occur preferentially in any particular age range. There was no significant difference in mean age between patients with PC and those with PPTID or between patients with PPTID and those with PB.
Analysis of variance of differences across the three grades showed significant differences in mean ± SD values for minADC (P < 0.01) among PC ([0.911 ± 0.044] × 10 −3 mm 2 /s), PPTID ([0.701 ± 0.032] × 10 −3 mm 2 /s) and PB ([0.465 ± 0.036] × 10 −3 mm 2 /s) and for Ki-67 LI (P < 0.01) among PC (0.5 ± 0.5%), PPTID (13.3 ± 3.5%) and PB (56.0 ± 13.5%) Multiple comparison between two grades showed that the mean minADC value of PCs was significantly higher than that of PPTIDs (P < 0.001) and PBs (P < 0.001). The mean minADC value of PPTIDs was significantly higher than that of PBs (P < 0.001). The mean Ki-67 LI of PCs was significantly lower than that of PPTIDs (P < 0.001) and PBs (P < 0.001). The mean Ki-67 LI of PPTIDs was significantly lower than that of PBs (P < 0.001).
Analysis by Spearman's rank correlation coefficient showed that tumour grade had a significant negative correlation with minADC (r S = −0.940; P < 0.001) and a significant positive correlation with Ki-67 LI (r S = 0.942; P < 0.001). Pearson's correlation coefficient analysis showed a significant negative correlation between minADC value and Ki-67 LI (r = −0.918; P < 0.001) (Fig. 2 ).
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Discussion
Pineal parenchymal tumours are rare. Their radiographic features have been discussed previously but it is difficult to distinguish the various grades of pineal parenchymal tumour on MRI. 2, 3 Histologically, pineal parenchymal tumours are heterogeneous and the actual grade of the tumour is taken to be that of the area with the highest grade. This is of great importance both in estimating the prognosis and in planning appropriate therapy: PCs can be cured by radical resection (with or without adjuvant radiotherapy), whereas PBs should be treated by maximal resection followed by chemotherapy and radiotherapy. 3 Pineal parenchymal tumours may occur at any stage in life; the age range of the patients in the present study was 5 -59 years. The mean age of the patients with PB was significantly lower than for those with PC, but there was no significant age difference between patients with PC and PPTID or between those with PPTID and PB. This is consistent with a previous study suggesting that, when pineal parenchymal tumours are present in adulthood, they are more likely to be the more benign PC type than the malignant PB type. 3 PPTIDs did not occur preferentially in any particular age range in the present study.
Diffusion-weighted MRI has been used widely to grade gliomas. The method used to measure the ADC differs among reported studies. 7 -15 Results obtained with the different methods may be inconsistent and a considerable overlap between the ADCs in high-grade tumours and those in low-grade tumours has been noted. 7 Provenzale et al. 22 suggested that some of the conflicting findings in the different studies may be attributable to whether or not areas of necrosis were carefully excluded from the analyses of tumour ADCs. Necrotic regions are more common in high-grade tumours and would be expected to contribute to highly elevated ADCs, which would raise the mean ADC for the tumour. Authors of some studies have suggested that the regions of minADC values reflect the sites of highest cellularity within heterogeneous tumours and these sites may, therefore, be of diagnostic value in identifying high-grade tumour components. 10 -15 Thus, the present study is the first to provide quantitative data from DWI in terms of using ADC values to detect differences between different grades of pineal parenchymal tumour.
Histologically, PCs are well-differentiated, moderately cellular neoplasms with mitotic figures lacking in all but the occasional large specimen, whereas PPTIDs are characterized by moderately high cellularity and low to moderate mitotic activity and PBs are highly cellular with variable, though generally high, mitotic activity. 1 between the ADC and tumour cellularity has been verified histologically in a wide variety of tumours, including high-and low-grade gliomas, lymphomas, metastases, medulloblastomas and meningiomas. 7,12,16 -19 The greater the density of the structure that impedes water mobility, the lower the ADC. Thus, ADC is considered a non-invasive indicator of cellularity or cell density. Cellularity is one of the most important determinants of brain tumour grade. 12, 16 Some authors have suggested that increased cellularity in high-grade tumours restricts the microscopic movement of water in tissue and, therefore, that the ADC values of such tumours are lower than those of low-grade tumours which have relatively low cellularity. 12, 16 Values of minADC have been used to assess the grade of gliomas. 10 -15,20 Kitis et al., 10 for example, found higher minADC values in low-grade gliomas than in high-grade gliomas and no difference between glioblastomas and anaplastic astrocytomas. Higano et al. 20 reported that the mean minADC of glioblastomas was significantly lower than that of astrocytomas. Some authors 11 -15 have reported that minADC can help distinguish low-grade tumours from higher-grade tumours. The present data show a significant Assessment of tumour proliferation rate is important in the prediction of tumour behaviour, response to therapy and prognosis.
The Ki-67 LI, an immunohistological marker, can be determined easily and routinely and may be superior to histological grade as an indicator of prognosis. 23, 24 High tumour cellularity has been associated with increased proliferative activity, as assessed with the Ki-67 LI. 4 Higano et al. 20 retrospectively analysed data on 37 patients with malignant astrocytic tumours and reported that minADC was negatively correlated with Ki-67 LI and was related to tumour prognosis. Calvar et al. 25 reported that absolute ADC values correlated inversely with Ki-67 LI in their study of 47 brain tumours with various pathologies. In the present study Ki-67 LI was found to be positively correlated with tumour grade and differed significantly among different grades. Moreover, the minADC showed a significant negative correlation with Ki-67 LI.
There were some limitations to the present study. First, the histological specimens were not necessarily obtained from the sites where minADC was measured. Additionally, the sample size was small and more cases of pineal parenchymal tumour need to be investigated.
In conclusion, although the sample size was small, to our knowledge this study is the first in which diffusivity in pineal parenchymal tumours has been quantified and in which the diffusivity and Ki-67 LI of different grades of tumours have been compared quantitatively. Inverse correlations were found between the minADC value and the histopathological grade of pineal parenchymal tumours, and between the minADC value and Ki-67 LI.
The minADC values of pineal parenchymal tumours provide useful additional information for the prediction of tumour grade. More research is needed to verify these results.
